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BSCF-MWCNT composite paste electrode as a prospective .oxygen reduction 
cathode in a fuel cell 
Farhanini Yusoff1, Norita Mohameda, Azizan Aziz~ and Sulaiman Ab Ghani3 
aSchool o/Chemical Sciences, Universiti Sains Malaysia, } 1800 USM, ?enang, Malaysia. 
bSchool of Materials and Mineral Resources Engineering, Uniwirsiti Sains Malaysia, 14300 
Nibong Tebal, Penal1g, Malaysia. 
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Abstract 
A composite cathode based on Bao.5Sr0.5CoO.8Feo.203~ (BSCF) and muitiwalled carbon nanotube 
(MWCNT) was developed.. The BSCF has, initially, been prepared by sol-gel method. The 
composites were prepared by direct mixing of BSCF: MWCNT at 90:10,80:20 and 70:30 (% 
w/w). Each mixture as paste was packed into the Teflon® tube before characterization by XRD, 
SBM, EIS and cyclic voltarnmetry. The XRD confirmed the inclusion of MWCNT in BSCF. 
The SEM showe4 a uniforrnJy dispersed MWCNT within the ·BSCF. The ETS. and cyclic 
voltammetry showed the higher ratio MWCNT cathode was significant in enhancing t~e 
conductivity and kinetics. The cathode was also found to have increased the electro catalysis of 
oxygen in 1 M KOH (PH" 12.0). The voltammetric studies on the o~gen reduction reaction 
suggested that the incorporation ofMWCNT was viia1.in order to improve the cathode properties 
in the future fuel cell. 
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MAT-03 
DEVELOPMENT OF Bao..sSro.SCOO.8Feo.203-a MODIFIED GLASSY CARB9N 
CATHODE AS INTERMEDIATE TEMPERATURE SOLID OXIDE FUEL CELL-
SYNTHESIS AND CHARACTERIZATION 
Farhanini Yusoff\ Azizan Az.izz, Norita MohamedI , and Sulaiman Ab Ghani1 
1 Pusat Pengajian Sains Kimia, Universiti Sains Malaysia, 11800 USM Pulau Pinang, Malaysia. 
2Pusat Pengajian Kejuruteraan Bahan & Sumber Mineral, Universiti Sains Malaysia, 14300 Nibong Tebal, 
Pulau Pinang, Malaysia 
E-mail: farbaniruJUSof@Yahoo.com 
This study reported on the ·synthesis and characteristic of Bao.jSrO.5C60.8Fe~1.2034i CBSCF) as cathodes of 
intermediate temperature solid oxide fuel cells. The BSCF· were prepared by the EDT A -ci trate method with the 
required molar ratio ofEDT~ nitrates salts and citric acid and at experimental pH j, pH 7 and pH 9. Ammonium 
hY<?r0xide solution was used as pH adjustor to solutions. The'solutions were evaporated yielding the metal~citrate~ 
nitrate gel complex precursors which were then calcined at 900 °C for 5 hours to produce the BSCF pOwder. The 
X-ray diffraction showed the powder had pure crystallinity. It was found that the pH value Was crucial for 
chelation process as well as purity of phase obtained. TEM images showed that the particle size was in the range 
of 50-200 run. The TGA result revealed that the weight loss was due to the magnitude of oxygen-release of the 
BSCF structure. The BSCF at pH 9 (BASF9) with the most well-crystallized structure, the largest surface area was 
tbe best product and studied further. The BSCF9 solutions 'at varioUs volumes were deposited on glassy carbon 
electrode (GeE) and were characterized electrochemically. Cyclic voltammograms showed that the volumes of 
BSCF used affected the el~troD transfer, mass transport and capacitive behavior of the modified GeE. The 
impedance studies have inclicated that the electrode process was favorable. 
Keywords: Bao.sSr0.5CoO.8Feo.203-a (BSCF)) citrate-EDT A, porous material, cathode, BSCF-modified glassy 
carbon electrode 
MAT-04 
TETRAMETHYLGUAMDINE-SILICA NANOPARTICLES AS AN EFFICIENT AND 
REUSA~LE CATALYST FOR THE SYNTHESIS OF CYCLlC PROPYLENE 
CARBONATE FROM CARBON DIOXIDE AND PROPYLENE OXIDE 
Muazu Samaila BatagarawaI and Farook Adam2 
1,2 School of Chemical SCiences, Uni"l!ersiti Sains Malaysia, 1 J 800 USM Penang. J.dal~ysia 
E-mail: smuazub@yahoo.com. 
Tetramethylguanidine covalently bonded to si~ica is reported as an efficient and recyclable catalyst for the 
synthesis of propylene carbonate (PC) from propy1ene oxide (PO) and carbon dioxide. The catalyst was prepar~d, 
first by the coupling of 3-Cchloropropyl) triethoxy silane with silica from Rice husk ash (RHA), to foffi.l. 3-chloro 
propyl silica (RHACCl). This was later grldtetl- Witlftetramethylguanidine molecule to form solid base catalyst 
(RHAPrTMG)". The 'surface morphology analysis of the catalyst by TEM, revealed the presence o'f spherical. 
nanoparticles with average particle size of 19.62 nID. In order to prove the successful incorporation of the TMG 
moiety on the slIica surface, the He solid state NMR indicated the presence of all the 5 set of carbon atoms in the 
structure. The effect of various reaction parameters on the catalytic perfonnance were investigated in detail. Under 
optimised reaction conditions (130 °C, 5.0 MPa, 8 h), over 92 % conversion was achiev~d, with propylene 
carbonate selectivity of CQ. 98 %. The catalyst can be easily recovered by fiHration and reused for at least four 
times without appreciable loss of its catalytic activi.ty. Based on the experimental results, a plausible reacl101i 
mechanism has been proposed. 
Keywor(ls: Tetramethylguanidine, silica-guanidine nanoparticies, carbon dioxide, propylene oxide, propylene 
carbonate 
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The synthesis of Bao.sSro.sCoo.SFeO.203-S (BSCF) using citrate-EDTA complexing method was carried 
out at pH 5, 7 and 9. Their suitability as cathode materials for intermediate temperature solid oxide fuel 
cells (SOFC) was investigated. The BSCF solutions was heated to 100°C yielding a metal-citrate-
nitrate gel complex precursor which was later calcined at 1000 °C for a period of 4 hours to produce 
the BSCF powder. The X-ray diffraction pattern of the calcined powder showed that it had undergone 
a complete phase formation. It was found that the pH value was crucial for the chelation process as 
well as for the purity of the phase obtained. The BSCF with a compact particle arrangement was 
obtained at pH 9. The nitrogen adsorption studies indicated that the BSCF powders had a mixture of 
microporous and mesoporous particles. Analysis by thermogravimetry revealed that the weight loss 
resulted from the oxygen-releasing capacity of the BSCF structure. The largest surface area was 
observed for BSCF powders prepared at pH 9. The BSCF at pH 9 prepared at various solution volumes 
was deposited on a glassy carbon electrode and characterized electrochemically. Cyclic 
voltammograms showed that the amount of BSCF deposited influenced the electron transfer, mass 
transport and capacitance behavior. Electrochemical impedance spectroscopy indicated that the 
electrode process was favorable. 
Keywords: Adsorption; BSCF; Modified electrode; pH; Porosity 
1. INTRODUCTION 
Mixed ionic-electronic conductors with a perovskite oxide structure are popular materials of 
choice for solid oxide fuel cell (SOFC) cathodes, catalysts, and also as oxygen permeable membrane 
[1-3]. One such perovskite is Baa.sSr o.sCOO.8 FeO.203-S (BSCF) which has attracted great interest among 
researchers owing to its ultrahigh oxygen penneability and favorable structural stability [4]. 
Int. J: .t.'lectrochem. Sci., Vol. 8, 2013 10686 
A higher BSCF volume means a higher surface area exposed for the reaction thus increasing 
the capacitance. The capacitance value is linear to a given potential window. From the CV results (data 
is not shown) the increase in amount will increase the potential window. Therefore, the largest area of 
potential window in 5 JlL of BSCF solution give the largest capacity compared to other volume. Fig. 9 
shows the variation of calculated specific capacitance (Fig) versus the different scan rate. These results 
show that the efficiency ofBSCF 5 JlL is at its highest. This result also supports the EIS data obtained. 
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Figure 9. Plot of capacitance VS. scan rate for different volumes of BSCF solution 
4. CONCLUSION 
The effect of solution pH is an important parameter for controlling the BSCF oxides powder 
characteristics synthesized by the EDTA-citrate method. The BSCF at pH 9 with 5 flL volume is the 
optimum condition for better material characteristics. The phase fonnation behavior of BSCF is a 
complex process and different in every pH tested. Morphology studies show that the particle properties 
are mostly coarse and agglomerate. A good theoretical correlation between pore sizes, volumes and 
surface area is obtained. The BSCF oxides are capable of releasing oxygen at 400°C. The BSCF 
cathode displays diffusion controlled electrode process. Facile electron transfer is observed when high 
amounts of BCSF are used as an electrode. 
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Abstract 
A composite paste electrode based on Bao.sSro.SCoO.8FeO.Z03-6 (BSCF)-initially synthesized by sol-
gel method-and multiwall carbon nanotube (MWCNT) as a cathode in fuel cells is developed. The 
composite pastes are prepared by the direct mixing of BSCF:MWCNT at 90:10, 80:20 and 70:30 (0/0 
w /W). These electrodes are then characterized by the x-ray diffraction (XRD), scanning electron 
microscopy (SEM), nitrogen adsorption-desorption isotherm, electrochemical impedance spec-
troscopy (EIS) and cyclic voltammetry (CV). The XRD and SEM confirm the inclusion and the uni-
form dispersal of the MWCNT within BSCF, respectively. The nitrogen adsorption isotherm study 
shows that the porosity of the composite paste electrode has been improved by two-fold from the 
BSCF electrode. The EIS and CV demonstrate that the higher ratios of MWCNT in the composites 
are critical in improving the electronic conductivity as well as the kinetics. It is also noticeable that 
the electrode has increased the catalysis of oxygen in 0.1 M KOH (pH 12.0). Cyclic voltammetric 
studies on the oxygen reduction reaction (ORR) suggest that the incorporation of MWCNT is vital 
in improving the electrode (cathode) properties of a fuel cell. 
Keywords 
Bao.sSro.sCOo.aFeo.Z03-6 (BSCF)i Catalysisi Compositesi Multiwall Carbon Nanotube (MWCNT)i 
Oxygen Reduction Reaction 
1. Introduction 
Although the oxygen reduction reaction (ORR) is important in variety of electrochemical processes including 
corrosion inhibition and metal-air batteries, the application of the ORR in fuel cells is of particular interest 
'Corresponding author. 
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detached from the BSCF-MWCNT electrode. 
4. Conclusion 
F. Yusoff et al. 
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A simple BSCF-MWCNT electrode has been prepared and optimized for ORR at pH 12. It has exhibited an ex-
cellent electrocatalytic activity towards ORR at the room temperature. The higher ratio of MWCNT in the com-
posites is vital for better electrocatalysis. The MWCNT, the modifier material, has improved the performance of 
the BSCF on its charge-transfer, conductivity, oxygen adsorption and reduction. The application of BSCF-
MWCNT electrode as a cathode for ORR in a fuel cell is then proposed. This is the subject for the next report. 
Acknowledgements 
This work was supported by the Ministry of Higher Education (MHE) Fundamental Research Grant Scheme 
(FRGS) No. 203/PKIMIA/671 ]263 and Universiti Sains Malaysia Incentive Postgraduate Grant, IOOI/PKIMIAI 
821014. One of the authors (FY) would like to thank Universiti Malaysia Terengganu, Malaysia for the study 
leave rendered. 
References 
[1] Babcock, G. T. and Wikstrom, M. (1992) Oxygen Activation and the Conservation of Energy in Cell Respiration. Na-
ture, 356, 301-309. http://dx.doi.org/IO.1038/356301aO 
[2] Kendig, M. and Jeanjaquet, S. (2002) Cr (VI) and Ce (Ill) Inhibition of Oxygen Reduction on Copper. Journal of the 
Electrochemical Society, 149, B47-B51. http://dx.doi.org/lO.l149/1.1430717 
(3] Norskov, 1.K., Rossmeisl, 1., Logadottir, A., et al. (2004) Origin of the Overpotential for Oxygen Reduction at a 
Fuel-Cell Cathode. The Journal of Physical Chemistry B, 108, 17886-17892. http://dx.doi.orgll 0.1 021 /jp04 7349j 
[4] Schmidt, T., Paulus, U., Gasteiger, H., et at. (2001) The Oxygen Reduction Reaction on a PtlCarbon Fuel Cell Catalyst 
in the Presence of Chloride Anions. Journal of Eleclroanalytical Chemistry, 508, 41-47. 
